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Abstract  
Dental decay (or caries) is common disease worldwide. A solution for this is by having dental filling. This study intends to 
investigate the stress magnitude and distribution when two types of dental filling materials (i.e., amalgam and porcelain) are 
used. Two scenarios, when the filling covers only the enamel and when it covers both the enamel and dentine regions are 
compared. Finite element analysis was used to for this purpose on an arbitrarily shaped dental filling inserted on a tooth loaded 
by a pressure. It was found that the scenario when dental filling covers both enamel and dentine is preferred in terms of stress 
magnitude and distribution, for both amalgam and porcelain. 
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1. Introduction 
Tooth is not only essential for chewing; a sound tooth is necessary especially when talking and ensure a 
balanced facial structure. Occasionally, tooth can have problems such as hole in tooth (caries) or pain whenever 
eating hot or cold food. One of them is dental decay (caries) which is caused by acid which first penetrates the 
enamel and afterwards the dentine, making the tooth painful when stimulated [1]. 
Caries or cavity appears most often in the fissures on the occlusal surfaces of the teeth or in between the teeth. 
In worst case, tooth loss may occur due to several factors and this could affect the function of the teeth even after the 
restoration of tooth (secondary caries) [2]. Dental filling is commonly used as a tooth restoration technique for these 
 
* Corresponding author. Tel.: +607-5534853; fax: +607-5566159. 
   E-mail address: fethma@uthm.edu.my 
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Selection and Peer-review under responsibility of the Scientific Committee of MIMEC2015
213 M.A.M. Soliheen et al. /  Procedia Manufacturing  2 ( 2015 )  212 – 217 
cases. Fillings are required to repair cavities caused by caries and to prevent them from developing further to the 
pulp and causing toothache. 
There are some materials that are used for dental filling. Dental amalgam is an alloy containing mercury, 
silver, tin and copper and is used especially in making tooth cements. In terms of strength, amalgam is suitable for 
fillings in posterior tooth [1]. It is easy to make and apply the amalgam filling, and its cost is lowest among dental 
filling materials. Another type is dental ceramic, specifically feldspathic porcelain. It is a brittle material and is less 
sensitive to attrition wear, but it cannot withstand fatigue resulting from flaws in the material [3]. 
It is of interest to determine the stress distribution that occurs in the dental filling structure, as this might 
determine its performance. Of special interest is the condition in the interface region between dental filling and the 
tooth. Finite element analysis can help simulating this, and from its accuracy, this approach is widely practiced [4,5]. 
This study is intended to investigate the stress distribution when two types of dental filling materials (namely 
amalgam and porcelain) are used. Two scenarios, when the filling covers only the enamel and when it covers both 
the enamel and dentine regions are to be compared.  
2. Materials and Method 
2.1 Geometric model 
The problem was simulated to occur in a third lower molar tooth. Although different preparations are used 
when placing amalgam and porcelain fillings, the cavity preparation was assumed to have uniform cross-section for 
a basis of comparison [6,7]. The first step was the solid model generation in which the shapes of dentine and enamel 
were created. The pulp was not considered in this study as when the cavity has reached the pulp region, dental filling 
is not relevant for tooth restoration. The molar tooth was created using 3D computer aided drawing software 
(Solidwork, Simulia, Inc.) and the assembly of all parts (enamel, dentine, root and filling materials) was exported to 
an ACIS SAT 3D Model File (Spatial). Then, the solid model was filled with elements, creating the mesh, and the 
material properties of dentine, enamel, amalgam filling or porcelain filling were assigned to the elements, which 
filled the corresponding regions. 
The finite element model was obtained by importing the solid model into ABAQUS Standard/Explicit Model 
v6.12 (Simulia, Inc.) using SAT format. The geometry of third molar of human tooth was modelled using modified 
tetrahedra (C3D10M) elements shape (Fig. 1). A convergence test was carried out [4] and it was determined that the 
convergence was achieved when using elements smaller than 10 mm in length. Therefore, all meshing was done 
using approximately 8.1-mm long elements. 
2.2 Material properties.  
The elastic properties of isotropic amalgam and porcelain filling materials [6] were as reported in Table 1. The 
following assumption have been made: 
- Dentine was assumed to be elastic material [8]. 
- Rigid constrains have been considered at root level [8]. 
- The time dependent behaviour of the elastic modulus of the amalgam and porcelain was not taken into 
account. 
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Fig. 1. Geometry model used in this study: (a) Finite Element Model of lower third molar tooth with constrains fixed to the root and vertical 
occlusal load (P) applied to enamel and filling interface, (b) filling materials, (c) sectional view of molar tooth. 
 
 
Table 1. The elastic properties of isotropic filling materials and tooth tissue [6]. 
Material/component Young’s Modulus [GPa] Poisson’s ratio 
Amalgam 50 0.29 
Feldspathic Porcelain 69 0.25 
Enamel 80 0.30 
Dentine 20 0.31 
 
3. Results and Discussion 
The finite element analysis of the restored third molar tooth with amalgam and porcelain were performed under 
static loading with magnitude of 100 MPa. The distribution of stress within the dental filling and restored molar that 
resulted from the static loading is shown in Fig. 2 and Fig. 3. Each of the model shows different resultant stress 
magnitude. From Fig. 2, stress distribution and magnitude in enamel/amalgam filling is lower when compared to 
enamel/porcelain filling and enamel/dentine/amalgam filling. Stress distribution and magnitude in enamel/porcelain 
shows lower value when comparing with enamel/dentine/porcelain filling. Similarly, it could be observed that lower 
stress distribution and magnitude occurs in enamel/dentine/amalgam filling when compared to enamel/dentine/ 
porcelain. When the depth of filling went into dentine region, the increase in stress magnitude occurs as dentine has 
lower elastic modulus than the enamel. This shows that, the depth of filling material, properties and type of material 
Dentine 
Enamel 
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slightly influences the stress distribution and magnitude in dental filling. The location of the maximum stress 
magnitude resulting from occlusal loading of the restored tooth was found to occur predominantly at the inside of 
the filling wall as evident in Fig. 3 (b) and (b). While for Fig. 3 (a) and (b) the maximum stress magnitude occurs at 
the dentine interface.  
 
 
 
 
Fig. 2. Von Mises stress (MPa) distribution and magnitude in the filling materials (a) enamel/amalgam filling, (b) enamel/dentine/amalgam 
filling, (c) enamel/ porcelain filling and (d) enamel/dentine/porcelain.  
 
 
 
Fig. 3. Von Mises (MPa) stress distribution in restored molar tooth for (a) enamel/amalgam filling, (b) enamel/dentine/amalgam filling, (c) 
enamel/ porcelain filling and (d) enamel/dentine/porcelain. For clarity view of stress distribution between interface of filling and tooth, filling 
materials are not shown. 
 
 
The maximum stress was also found to be better distributed at the area of enamel/dentine interface near the 
root canal. As observed, higher stress distribution and magnitude occur in enamel/amalgam against 
enamel/porcelain and enamel/dentine/amalgam against enamel/dentine/porcelain respectively. 
 
 
 
Fig. 4. Paths defined in restored posterior tooth. (a) Path A-B mesial-distally directed and (b) Path A’-B’ buccal-lingual directed. 
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In Fig. 4, the path outlines are indicated with the red-colour line. Both paths are plotted on the enamel surface 
between the filling material and tooth. Von Mises stress was assessed along these paths (Fig. 5). One path defined in 
these models, following the mesial and distal wall profiles of the tooth (a) and other path following buccal and 
lingual wall profiles of the tooth (b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 a b 
Fig. 5. (a) A graph of Von Mises stress in path A-B in enamel and dentine region for amalgam and porcelain filling and (b) graph of Von Mises 
stress in path A’-B’ in enamel and dentine region for amalgam and porcelain fillings in Figure 4. 
 
 
The Finite Element Analysis was performed for each model to obtain an overview of the stress distribution and 
magnitude within the restored tooth with different depths of filling and different filling materials. The data obtained 
from the analysis were tabulated and plotted into graph for further analysis. Fig. 5 represents the Von Mises stress in 
path A-B and A’-B’. From the graph, it shows that the enamel/dentine/porcelain has the highest magnitude of stress. 
As observed in Fig. 5a, 0.2 and 0.8 are points of contact of filling wall and tooth. These areas are the interface 
between the dental filling and the tooth and are critical because the interface is the region most prone to dental 
filling failure. Interestingly, both enamel/dentine/amalgam and enamel/dentine/porcelain are showing similar trend 
and have the lowest stress distribution along the filling wall. This is in agreement with previous report that suggests 
when the amalgam and porcelain are used as filling materials in dentine region, the results were similar [6].  
Conclusion 
Finite element analysis of a dental filling in molar tooth has been modelled using finite element analysis. Both 
enamel/dentine/amalgam and enamel/dentine/porcelain yield similar stress distribution at the filling wall. However, 
due to lower stress magnitude in enamel/dentine/amalgam, this suggests that amalgam is better than porcelain as 
amalgam have lower modulus of elasticity. Therefore, it was found that deformation of the filling materials and 
tooth tissue due to static loading can be reduced by using materials with lower modulus of elasticity. 
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